Background: Eosinophilic otitis media (EOM) is often associated with comorbid asthma. The middle ear cavity is part of the upper airway. Therefore, EOM and asthma can be considered to be a crucial part of the "one airway, one disease" phenomenon. Based on the concept of one airway, one disease in the context of allergic rhinitis and asthma, optimal level of inhalation therapy for better asthma control leads to improvement in allergic rhinitis. Objective: We conducted a pilot study to determine whether appropriate strengthening of inhalation therapy for asthma is effective for EOM. Methods: Fifteen patients with EOM and comorbid asthma were enrolled in this study. Eight patients were randomly selected and administered appropriately strengthened inhalation therapy for asthma (strengthened group). The effect of the therapy on EOM was assessed by comparing a questionnaire for ear symptoms, clinical characteristic score, pure tone audiometry, blood tests and temporal bone computed tomography (CT) examination before and after the therapy. Seven other EOM + asthma patients without the above mentioned therapy were included as controls. Results: In the strengthened group, the score of ear symptoms, clinical characteristics score, peripheral blood eosinophil count, CT score, and air conduction hearing level improved significantly after strengthening the inhalation therapy, but not in the control group. 
INTRODUCTION
Eosinophilic otitis media (EOM) is an intractable otitis media of the upper airway characterized by eosinophil-dominant effusion. Patients with EOM are highly susceptible to developing asthma (in the lower airway) [1] , and, conversely, asthmatics can develop EOM used to strengthen the inhalation therapy in all strengthened group patients. Other drugs for asthma and EOM that were being used at the baseline were continued during this study for all 15 patients. Some of the patients had experienced asthma exacerbations and taken corticosteroids, in addition to inhaled therapy. The basic therapy for EOM was intratympanic instillation 3/13 https://apallergy.org https://doi.org/10.5415/apallergy.2018.8.e5
Efficacy of optimal asthma treatment for EOM (% increase) 29.3 ± 96.1 -10.0 ± 36.5 NS Values are presented as mean ± standard deviation or number (%) unless otherwise indicated. CT, computed tomography; PB, peripheral blood; TA, triamcinolone acetonide; ICS, inhaled corticosteroid (ICS dose was converted to beclomethasone equivalents); LABA, long-acting β2 agonist; LAMA, long-acting muscarinic antagonist; FVC, forced vital capacity; FEV 1 , forced expiratory volume in 1 second; FEV 1 (%pred), FEV 1 % of the patient divided by the average FEV 1 % in the population for any person of similar age, sex, and body composition; DLco, diffusing capacity of the lung carbon monoxide [CO]; DLco/VA, diffusing capacity of the lung CO/ventilation of the alveoli; Reversibility of FEV 1 , change in FEV 1 value after bronchodilator administration compared to baseline value; Reversibility of FEV 1 (% increase), rate of improvement; NS, not significant. Baseline  After strengthening  1  500  500  1,000  2  320  500  1,000  3  500  500  1,000  4  500  50  500  5  500  0  1,000  6  500  320  520  7  640  500  1,000  8  -500  1,000 of triamcinolone acetonide (TA), and oral antibiotics were administered when a bacterial infection was suspected based on a finding of middle ear effusion. Table 1 summarizes the basic treatments for asthma and EOM that were being administered at the start of the study. One year after enrollment in this study, all 15 patients (i.e., both groups) were again subjected to the same examinations as at the baseline: a questionnaire for ear symptoms, clinical characteristic score, pure tone audiometry, blood tests, and temporal bone CT. The examination results were compared with those at the time of enrollment. In addition, the respiratory physician again performed lung function tests for all patients, and the results were compared with those at entry.
This study was approved by the Ethics Committee of Tokyo Women's Medical University Hospital (approval number: 3769), and written informed consent was obtained from each patient.
Evaluation of hearing
The air conduction and bone conduction hearing functions of EOM patients were evaluated using the pure tone hearing test. When the hearing exceeded the measurement limit at each frequency, the measurement limit + 5 dB was assigned as the hearing level at that frequency.
Evaluation of temporal bone CT scanning
The CT shadow of each portion of the ear (Eustachian tube, tympanum, and mastoid) was assigned a score of 0, no abnormality; 1, partial opacification; or 2, total opacification. The temporal bone CT scans were evaluated by one of the authors who was familiar with their reading and was blinded to the patient information.
Evaluation of ear symptoms and clinical characteristics
All 15 patients were evaluated for 8 ear symptoms (echo in the ear, tinnitus, otorrhea, dizziness, breathing sound in the ear, autophony, aural fullness, and otalgia) by assigning scores of 0 to 5 (none, 1, rare; 2, sometimes; 3, often; 4, usually; 5, worst) in accordance with a questionnaire created by Iino et al. [12] . In addition, 5 clinical characteristics (quantity of middle ear effusion/otorrhea, condition of the middle ear mucosa, frequency of intratympanic administration of corticosteroid, frequency of systemic administration of corticosteroid, frequency of systemic administration of antibiotics) were evaluated by assigning scores of 0 to 2 points depending on the quantity, condition or frequency [12] . The evaluations were performed at entry and after 1 year.
Statistical analyses
Wilcoxon signed rank test was used to compare the results between at entry and 1 year later for both the strengthened group and the control group. The Mann-Whitney U test and the chi-square test were used to compare the results between at entry and 1 year later in both the strengthened group and the control group. A p value of less than 0.05 was considered statistically significant.
RESULTS

Patient characteristics
All the patients had moderate or severe asthma. The evaluation of the asthma control found that it was inadequate (partially controlled or uncontrolled) in all of the patients. Efficacy of optimal asthma treatment for EOM entry. The 2 groups showed no statistically significant differences in regard to the number of patients, sex ratio, age, asthma severity, percentage of patients with aspirin intolerance, percentage of patients with chronic sinusitis, percentage of patients with allergic rhinitis, peripheral blood eosinophil count, or the total IgE level. At entry, there were no significant differences between the 2 groups in terms of use of TA, systemic corticosteroids, antibiotics, ICS dose (converted to beclomethasone [BDP conversion]), LABA dose, long-acting muscarinic antagonist or leukotriene receptor antagonist ( Table 1) . The 2 groups showed no significant differences in the results of any of the lung function tests at entry ( Table 1) .
Ear symptom score
In the control group, no significant improvement was seen in the ear symptom score (Fig. 1) . On the other hand, in the strengthened group, statistically significant improvement was seen in the score after strengthening compared to before strengthening (i.e., at entry) ( Fig. 1) . Statistically significant improvement was especially seen for echo in the ear (p < 0.05), otorrhea (p < 0.01), breathing sound in the ear (p < 0.05), and aural fullness (p < 0.05) ( Table 3) .
Clinical characteristic score
There was no improvement in the clinical characteristic score in the control group ( Fig. 2) , whereas it showed statistically significant improvement in the strengthened group (Fig. 2) . However, within the strengthened group, the score significantly improved only for the otorrhea status (p < 0.01) ( Table 3) . No significant differences were found between the 2 groups in regard to the frequency of intratympanic instillation of TA, the frequency of use of systemic steroids, or the frequency of use of systemic antibiotics ( Table 3 ).
Eosinophil count in peripheral blood (Table 1)
There was no significant improvement in the eosinophil count in the control group: 706.3 ± 515.0 (/μL) at entry and 583.3 ± 562.0 (/μL) after 1 year. Conversely, the eosinophil count in the strengthened group improved markedly: from 1,070.4 ± 1,266.1 (/μL) before strengthening to 279.9 ± 161.8 (/μL) after strengthening (p < 0.01).
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Efficacy of optimal asthma treatment for EOM
Control group NS p < . In the control group, the ear symptom score showed no significant (NS) change at 1 year compared with at entry. In the strengthened group, the ear symptom score had improved significantly at 1 year after strengthening compared with at entry (p < 0.01).
Temporal bone CT score
The CT score also did not show significant improvement in the control group, but significant improvement was seen in the strengthened group (Fig. 3A) . In addition, when different sites were compared in the strengthened group, improvement was found in each of the Eustachian tube, tympanum and mastoid, with the improvement in the tympanum being most striking (p < 0.01) (Fig. 3B ).
Air and bone conduction hearing levels Fig. 4 shows the results of the air and bone conduction hearing tests. In the control group the air-conduction hearing level tended to become worse at most frequencies, and statistically significant worsening was seen at 125 Hz, 2,000 Hz, and 8,000 Hz in both ears (Fig. 4A, B) . On the other hand, in the strengthened group, statistically significant improvement was seen at 6/13 https://apallergy.org https://doi.org/10.5415/apallergy.2018.8.e5
Efficacy of optimal asthma treatment for EOM In the control group, the clinical characteristic score showed no significant change at 1 year compared with at entry. In the strengthened group, the clinical characteristic score had improved significantly at 1 year after strengthening compared with at entry (p < 0.05). Significant difference was also seen between the 2 groups at 1 year (p < 0.05).
125 Hz, 250 Hz, 2,000 Hz, and 4,000 Hz for the right ear and at 125 Hz, 250 Hz, 500 Hz, and 4,000 Hz for the left ear after strengthening the asthma therapy compared with before (i.e., the baseline at entry) (Fig. 4C, D ). The bone conduction hearing level did not change significantly at any of the tested frequencies in either group from entry until 1 year later ( Fig. 4E-H) .
Lung function tests (Table 1)
The results of the lung function tests were as follows. The results in the strengthened group improved significantly after strengthening of the asthma therapy: from forced vital capacity (FVC) (%predicted) 101.9 ± 14. Efficacy of optimal asthma treatment for EOM Eustachian tube p < . In the control group, the temporal bone CT score showed no significant change at 1 year compared with at entry. In the strengthened group, the CT score had improved significantly at 1 year after strengthening compared with at entry (p < 0.01). The significant difference was also seen between the 2 groups at 1 year (p < 0.01). (B) The changes in the temporal bone CT scores are compared by site in the strengthened group. The temporal bone CT score had improved significantly at 1 year after strengthening compared with at entry for each of the Eustachian tube (p < 0.05), tympanum (p < 0.01), and mastoid (p < 0.05). The improvement for the tympanum was most striking.
Control group air conduction (RT) Changes in the air conduction hearing levels (RT/LT) in the control group. In the control group, the hearing levels showed a tendency to have worsened at 1 year compared with at entry. The hearing level on both sides had worsened significantly at 125 Hz, 2,000 Hz, and 8,000 Hz. *p < 0.05. **p < 0.02. (C, D) Changes in the air conduction hearing levels (RT/LT) in the strengthened group. In the strengthened group, the hearing levels showed a tendency to have improved at 1 year after strengthening compared with at entry. Significant improvement was seen for the right ear at 125 Hz, 250 Hz, 2,000 Hz, and 4,000 Hz, and for the left ear at 125 Hz, 250 Hz, 500 Hz, and 4,000 Hz. *p < 0.05. **p < 0.02. (E, F) Changes in the bone conduction hearing levels (RT/LT) in the control group. In the control group, the hearing levels had not changed significantly at 1 year compared with at entry. (G, H) Changes in the bone conduction hearing levels (RT/LT) in the strengthened group. In the strengthened group, the hearing levels had not changed significantly at 1 year after strengthening compared with at entry. In the control group, the hearing levels showed a tendency to have worsened at 1 year compared with at entry. The hearing level on both sides had worsened significantly at 125 Hz, 2,000 Hz, and 8,000 Hz. *p < 0.05. **p < 0.02. (C, D) Changes in the air conduction hearing levels (RT/LT) in the strengthened group. In the strengthened group, the hearing levels showed a tendency to have improved at 1 year after strengthening compared with at entry. Significant improvement was seen for the right ear at 125 Hz, 250 Hz, 2,000 Hz, and 4,000 Hz, and for the left ear at 125 Hz, 250 Hz, 500 Hz, and 4,000 Hz. *p < 0.05. **p < 0.02. (E, F) Changes in the bone conduction hearing levels (RT/LT) in the control group. In the control group, the hearing levels had not changed significantly at 1 year compared with at entry. (G, H) Changes in the bone conduction hearing levels (RT/LT) in the strengthened group. In the strengthened group, the hearing levels had not changed significantly at 1 year after strengthening compared with at entry. RT, right ear; LT, left ear.
DISCUSSION
EOM is an intractable otitis media characterized by marked eosinophil infiltration of the middle ear. EOM is refractory to such conventional treatments for otitis media as myringotomy (which is effective for otitis media with effusion [OME]) and antibiotics. Administration of systemic and topical corticosteroids is the only current effective treatment for EOM [12] . All 15 asthma patients with EOM enrolled in this pilot study had inadequately controlled (partially controlled or uncontrolled) asthma. Those who were assigned to the strengthened group showed better asthma control in response to the optimized inhaled ICS/ LABA therapy, resulting in improving lung function tests and blood eosinophilia. Those changes led to improvement in the EOM. Optimized inhaled asthma therapy thus may be useful for treatment of EOM in asthmatics.
Asthma is present in 90% of EOM patients, and EOM is present in 10% of asthma patients. In addition, EOM was reported to complicate 11% of eosinophilic sinusitis cases, while eosinophilic sinusitis complicates 64% of EOM cases [13] . The middle ear is connected to the nasopharynx via the Eustachian tube. And the middle ear mucosa is composed of glandular epithelial cells similar to those of the bronchial mucosa and paranasal mucosa, so it can be considered part of the upper respiratory tract.
Also, if the extent of the paranasal sinus shadow in patients with eosinophilic sinusitis is scored by CT and the severity is classified, the CT score correlates positively with the eosinophil count in both the blood and sputum [14] . The number of eosinophils in sputum is, like the number of eosinophils in the blood, an indicator of the severity of asthma. It is thought that the more severe asthma is, the more severe eosinophilic sinusitis is. Similar to the case of eosinophilic sinusitis, there are reports that EOM is more likely to develop as asthma becomes more severe [2] , and asthma and EOM are also increasingly considered to bear a close relationship. Therefore, EOM and eosinophilic sinusitis of the upper respiratory tract, and asthma, which is a common lower respiratory complication, are coming to be considered to have a "one airway, one disease" relationship.
The concept of "one airway, one disease" has come to be established and accepted due to the following thinking. Allergic rhinitis and asthma show a high rate of concurrence, and they are thought to be Th2 type (eosinophilic) inflammatory pathologies that occur in one organ, i.e., the "respiratory tract," comprised of the upper and lower respiratory tracts. When steroid inhalation therapy was administered for asthma, which is a lower respiratory tract disease, upper respiratory tract lesions improved, and when topical nasal glucocorticosteroid treatment was administered for allergic rhinitis, which is an upper respiratory disease, lower respiratory tract lesions improved [15] . Therefore, we hypothesized that, for EOM, as well, which is thought to have a one airway, one disease relationship with asthma, the inhalation therapy for copresent asthma should be evaluated, and that appropriate strengthening of that therapy in the case of poor asthma control would lead to improvement of the EOM. Indeed, the inhalation therapy for asthma was inadequate in all of the patients enrolled in this study, and when we appropriately strengthened the treatment, the lung function and blood eosinophilia improved, and so did the EOM.
As in the case of asthma, EOM has been found to be a Th2 type inflammation in which helper T type-2 cytokines such as IL-5 are produced locally [3] . Efficacy of optimal asthma treatment for EOM produced mainly by epithelial cells are thought to be important for subsequent induction of Th2-type inflammation. Indeed, expression of these cytokines was elevated in airway mucosal epithelial cells in allergic rhinitis, eosinophilic sinusitis and asthma [16] [17] [18] [19] . When antigens, etc., stimulate airway mucosal epithelial cells, the epithelial cells produce TSLP, IL-33, IL-25, etc. Those cytokines then induce production of Th2 cytokines (IL-4, IL-5, IL-13, etc.), and Th2 type inflammation manifests [20, 21] .
This results in elevated expression of IL-5 throughout the body, and it induces eosinophil differentiation in the bone marrow and is also involved in migration of eosinophils from the bone marrow into the blood [22] . Chemokines (eotaxin, etc.) produced by epithelial cells and fibroblasts are considered important for the recruitment and migration of eosinophils into the airway mucosa [23] . As a result, in airway Th2-type inflammation, including EOM, eosinophils not only infiltrate into the airway mucosa but also increase in the blood.
For allergic rhinitis, asthma and other airway Th2-type inflammatory diseases, use of a topical glucocorticosteroid is the treatment of first choice, and that is true for EOM, as well. Directly suppressing cytokine production by the epithelial cells responsible for airway Th2-type inflammation via the use of a topical glucocorticosteroid is a reasonable modality of treatment.
In this study, all the enrolled patients inhaled the inhalant for asthma and we instructed them to then exhale it from the mouth. Therefore, it is unlikely that the inhaled asthma drug entered the middle ear via the Eustachian tube during expiration and downregulated the middle ear mucosal epithelial inflammation, leading to improvement in the EOM [10] .
There are 2 possible mechanisms by which strengthening of inhalation therapy for asthma is effective in improving EOM. One is as follows. ICS/LABA suppresses production of cytokines such as TSLP that are produced by lower respiratory mucosal epithelial cells and induce Th2 type inflammation. That cytokine suppression leads in turn to suppression of Th2 cytokine production in the lower respiratory mucosa, systemic suppression of IL-5 expression, and also to suppression of production of eosinophils in the bone marrow and their migration into the blood. These events may have contributed to reduced eosinophil infiltration of the middle ear mucosa.
The second possible mechanism involves the ICS systemic exposure due to ICS/LABA. Although ICS exerts its anti-inflammatory effect locally in the respiratory tract, when it exceeds a certain dosage, systemic exposure leads to adverse effects such as adrenal suppression [24] . Twenty percent cortisol suppression is used as an indicator of the effect of ICS on the hypothalamic-pituitary-adrenal axis. Since the ICS/LABA used in this pilot study was FP/SM DPI or BUD/FM DPI, their 20% cortisol suppression levels were set at 900 μg/day with FP/SM DPI and 600 μg/day with BUD/FM DPI [24] . The ICS dosage after strengthening of inhalation therapy was increased to 1,000 μg/day in 6 of 8 patients, so the inhibitory effect on Th2-type (eosinophilic) inflammation in the blood and bone marrow due to systemic exposure to ICS inhalation therapy cannot be ignored.
Interestingly, all the asthma patients with EOM enrolled in this study had inadequate asthma control. It was reported that 55% of randomly chosen asthma patients had persistent asthma, and that 48% of those persistent asthma patients had received inappropriate treatment that did not adequately control their asthma [25] . Asthma patients tend to believe that their asthma symptoms were well controlled even if they had partly or uncontrolled asthma [26] . In the concept of "one airway, one disease," as already noted, the inflammatory states of the 10/13 https://apallergy.org https://doi.org/10.5415/apallergy.2018.8.e5
Efficacy of optimal asthma treatment for EOM upper airway and the lower airway were reported to show a positive correlation. Therefore, the possibility of EOM developing in patients with asthma cannot be ruled out because the asthma treatment is often inadequate. For treatment of patients with EOM, we think it is important to evaluate asthma, which is said to be present in 90% of EOM patients, and to then implement appropriate inhalation therapy. To that end, in facilities that have the services of a respiratory physician, the extant asthma therapy must be evaluated using objective examinations.
Fractional exhaled nitric oxide concentration (FeNO) is being used as an objective test of asthma. In asthma, inducible nitric oxide synthase is expressed due to eosinophilic inflammation [27] and its production is accelerated, so FeNO rises. In fact, FeNO correlated with the degree of eosinophil infiltration of the airway mucosa [28] and the eosinophil ratio in bronchoalveolar lavage fluid [29] . In this way, since FeNO reflects the state of control of lower respiratory eosinophilic inflammation in asthma and can be conveniently measured, we can judge whether or not the administered asthma therapy is optimal [30] . It has been shown that appropriate treatment of asthma based on FeNO may aid in treatment of EOM.
Systemic and topical corticosteroids have been the main treatments for EOM because of their effectiveness. Recently, recombinant humanized monoclonal anti-IgE antibody therapy (omalizumab) [31] and pegylated interferon [32] have been reported to be effective for EOM. Omalizumab improves the subjective symptoms and clinical characteristics, and pegylated interferon also improves the clinical findings. In the present study we demonstrated that optimal inhaled ICS/LABA therapy for asthma, not only improving the subjective symptoms and clinical characteristics of EOM but also the temporal bone CT findings and pure tone audiometric findings. Our results suggest that this strengthened therapy is potentially a new modality of treatment for EOM in those with comorbid asthma, although randomized controlled studies are needed to further confirm these findings.
